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(54) InK jet reporting 

(57) An ink jet recording method is provided which 
can realize a good image, especially an image free from 
color bleeding and having high color density. The ink jet 
recording method comprises the step of depositing, two 
liquids, i e, a reaction solution arid an 'IhK'conprationj 
onto a recording medium to react the reason solution 



with the ink composition, thereby forming = an image t< 
wherein the ink composition comprises' a water-soluble 
resin dispersant having an acid .value of rxrt Jess than, 
100. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to on ink jet recording method, and more particularly to an ink jet recofdiing method 
wherein a reaction solution and an ink composition are deposited onto a recording medium to cbixiuct printing. 

10 Background Art 

Ink jet recording is a printing method wherein droplets of an ink composition are ejected and deposited onto a 
recording medium such as paper to conduct printing! This method has a feature that an image havinig high resolution 
and quality con be printed at a high speed by means of a relatively inexpensive apparatus. In general, the ink compo- 
15 srtion used in the ink jet recording comprises water as a main component and. added thereto, a colorant and a wetting 
agent, such as glycerin, for preventing clogging. 

Regarding the ink jet recording method, the application of a polyvalent metallic salt solution^ onto a recording 
medium followed by the application of an ink composition containing a dye having at least one carboxyi group has been 
recently proposed (for example, Japanese Pattent Laid-open No. 202328/1993). The claimed advantage of this method 
20 is that the polyvalent metal ion combines with the dye to form an insoluble complex, the presence of which can offer an 
image having waterfastness and high quality free from color bleeding. 

Further, the use of a color ink comprising at least a surfactant for imparting a penetrating property or a solvent hav- 
ing a penetrating property and a salt in combination with a black ink capable of being thickened or agglomemted 
through the action of the salt has been proposed to yield a high-quality color image having a high image density and 
25 free from color bleeding (Japanese Patent Laid-Open No. 106735/1994). The ink jet recording method uses two Liq- 
uids, a first solution containing a salt and an ink composition to yield a good image. ^ r- v - . 

Ink jet recording methods involving printing of two liquids are disclosed also in, for example. Japanese Patent Laid- 
Open Nos. 240557/1991 and 240558/1991. . - ; - - ;.;■>.,* -v<. r ; ^ 

30 SUMMARY OF THE INVENTION . . . .. , :.•<- 

The present inventors have now found that use of an ink composition containing a water-soluble resin dispersant 
having an acid value of not Less than 100 in an ink jet recording method involving printing of such two liquids can realize 
a good image, especially an image free from color bleeding and having high color density. The present invention has 
as been made based on such finding. 

Accordingly, an object of the present invention is to provide an ink jet recording method, involving printing of two 
liquids, that can realize a good image. 

According to one aspect of the present invention, there is provided an ink jet recording method comprising the step 
of depositing a reaction solution and an ink composition on a recording medium to conduct printing, 

the reaction solution comprising a polyvalent metal salt; a polyallylamine. or a derivative of the polyallylamine, 
the ink composition comprising at least a pigment a ^ter-soluble resin dispersant having an acid value of not less 
than 100, and an aqueous solvent. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing an ink jet recording apparatus usable in practicing the method according to the present 
invention, wherein a recording head is provided separately from an ink tank, and an ink composition and a reaction 
solution are fed into the recording head through an ink tube; 

Fig. 2 is an enlarged view of the surface of nozzles for a recording head, wherein 1b designates a nozzle plate for 
a reaction solution and 1 c a nozzle plate for an ink composition; 

Fig. 3 is a diagram illustrating ink jet recording using the recording head shown in Fig. 2, wherein a reaction solution 
and an ink composition deposit on region 31 and region 32, respectively; 

Fig. 4 is a diagram showing another embodiment of the recording head, wherein all ejection nozzles are arranged 
in lateral direction; and 

Fig. 5 is a diagram showing an ink jet recording apparatus usable in practicing the method according to the present 
invention, wherein a recording head is integral with an ink tank. 
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Colorant 

The colorant contained in the ink composition used in the present invention may be any of dyes and pigments. In 
the present invention, a very wide variety of colorants may be utilized as described above. 

5 Dyes usable herein include various dyes commonly used in ink jet recording, such as direct dyes ; acid dyes, food- 

stuff dyes, basic dyes, reactive dyes, disperse dyes, vat dyes, soluble vat dyes, and reactive disperse dyes, inorganic 
pigments or organic pigments may be used without any particular limitation. Inorganic pigments usable herein include, 
in addition to titanium oxide and iron oxide, carbon blacks produced by known processes, such as contact, furnace, and 
thermal processes. Examples of the organic pigments usable herein include azo pigments (including azo lake, insoluble 

10 azo pigment, condensed azo pigment, and chelate azo pigment), pblycyclic pigments (for example, phthalocyanin?, 
perylerte, perinone. anthraquinbne. quinacrkJone. dioxazine. thioindigo, isoindolinone, and quinophthalone pigments,; 
dye chelates (for example, basic dye chelates and acid dye chelates), nitro pigments, nitroso pigments v and antline 
black: 

According to a preferred embocBment of the present invention, the pigment is preferably added, to the ink, in the 
15 form of a pigment dispersion prepared by dispersing the pigment in an aqueous medium with the aid of a dispersant 
According to the present invention, as described above, a water-soluble dispersant having an acid value of not less than 
1 00 is added. In addition to the water-soluble dispersant. a dispersant commonl y used in the preparation of a dispersion 
of a pigment, for example, a polymeric dispersant or a surfactant, may be used. 

The amount of the pigment added to the ink composition is preferably about 0.5 to 25% by weight, more preferably 
20 about 2 to 15% by weight. '"'' h ' y 

Aqueous solvent ^ 

Trie aqueous solvent as trfe ba^& solvent fbrthe ink composition according to the present invention comprises an 

25 aqueous organic solv&ht ar^ water. v 1 . o , i t 

The aqu^us dirgahid^ Preferred examples of low-boiling organic 

solvents liable herein inbiiide ^m^aiid. efeahol, n-propyl alcohol, isb-propyl alcohol, n-butanol. sec-butanol. tert-buta- 
nol. teQ^ar^l. ar^. n-^nferiol. ^brfohyclric aldohols are'partitiularly preferred. The low-boiling organic solvent has the> 
effect of shcHlehing the time ^ the ink ; - : i ; : ; ;^ 

30 Acceding to kpreferf^ efnb^imert invention, the aqueous solvent may further comprise a wetting 

agent comprising a high-filing organic ^ solvent Preferred examples of high-boiling organic solvents usable herein^ 
include: polyhydric alcohols siuch as ethylene glycol, diethylene glycol, Methylene glycol, polyethylene glycol, polypro- 
pylene glycol, propylene glycol, butylene glycol, 1.2,6-hexanetriol, thiogiycol. hexylene glycol, glycerin; trimethylor 
lethane, and trimethylolprbpan^; alkyl ethers of polyhydric alcohols, such as ethylene glycol monoethyl ether, ethylene 

35 glycol monobutyl ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol 
monobutyl ether, Methylene glycol monomethyl ether, and triethylene glycol monoethyl ether, and Methylene glycol 
monobutyl ether; urea, 2-pyrrolidone, N-methyl-2-pyrrolidone. 1,3-dimethyI-2-imidazolidinone, and triethanolamine. 

The amount of the wetting agent added is preferably 0.5 to 40% by weight, more preferably 2 to 20% by weight, 
based on the ink. The amount of the low-boiling organic solvent added is preferably 0.5 to 10% by weight based on the 

40 ink. more preferably 1 .5 to 6% by weight. 

Other ingredients 

According to a preferred embodiment of the present invention, the ink composition of the present invention com- 
45 prises a resin emulsion. The resin emulsion, which may be preferably used in the present invention, refers to an emul- 
sion comprising water as a continuous phase and a resin component as a dispersed phase. Resin components unable 
in the resin emulsion include acrylic resin, vinyl acetate resin, styrene/butadiene resin, vinyl chloride resin, (meth)acr- 
ylate/styrene resin, butadiene resin, and styrene resin. 

Commercially available resin emulsions may also be used, and examples thereof include Microgel E-1002 and E- 
so 5002 (styrene/acrylic resin emulsion, manufactured by Nippon Point Co., Ltd.). Voncoat 4001 (acrylic resin emulsion, 
manufactured by Dainippon Ink and Chemicals. Inc.), Voncoat 5454 (styrene/acrylic resin emulsion, manufactured by 
Dainippon Ink and Chemicals. Inc.), SAE-1014 (styrene/acrylic resin emulsion, manufactured by Nippon Zeon Co., 
Ltd.), and Saivinol SK-200 (acrylic resin emulsion, manufactured by Saiden Chemical Industry Co.. Ltd). 

According to a preferred embodiment of the present invention, the resin is a polymer having a combinatton of a 
55 hydrophilic segment with a hydrophobic segment. The particle diameter of the resin component is not particularly lim- 
ited So far as the resin component con form an emulsion. It. however, is preferably not more than about 150 nm, more 
preferably about 5 to 1 00 nm. 

The resin emulsion may be prepared by adding a surfactant and water to a polymer, prepared by polymerization. 
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The content of the saccharide is suitably 0.1 to 40% by weight, preferably 0.5 to 30% by weight, based on the ink 
composition. 

The ink composition used in the present invention may further comprise a surfactant. Surfactants usable herein 
include anionic, cationic, and amphoteric surfactants; alcohols such as methanol, ethanol, and iso-propyl alcohol; and 
lower alkyl ethers of polyhydric alcohols, such as ethylene glycol monomethyl ether, diethylene glycol monoethyl ether, 
diethylene glycol monobutyl ether. Methylene glycol monobutyl ether, propylene glycol monobutyl ether, and dipropyl- 
ene glycol monobutyl ether. . 

If necessary. pH adjusters, preservatives, antimblds and the Gkemaybe added to the ink composition of the present "< 
invention. pH adjusters usable herein include potassium hydroxide, sodium hydroxide, and triethariblamine. 

Reaction solution !| 

The reaction solution used in the present invention comprises a polyvalent metal salt, a polyamine, or a polyamine 
derivative. 

When the reactant is a polyvalent metal salt, preferred examples thereof include those which are constituted by 
divalent or higher polyvalent metallic ions and onions bonded to the polyvalent metallic ions and are soluble in water. 
Specific examples of polyvalent metal ions include divalent metallic ions, such as Ca 2+ , Cu 2+ , Ni 2+ , Mg \ Zn 2 * and 
Ba 2+ . and trivalent metallic ions, such as Al 3+ . Fe 3 *. and Cr 3 *. Anions include CT, N0 3 ', T, Br. CICV. and CH 3 CbO\ 

A metal satt constituted by the Ca 2+ or Mg 2+ provides favorable results in terms of pH of the reaction solution and 
the quality of prints. 

The concentration of the polyvalent metal salt in the reaction solution may be suitably determined so as to attain 
the effect of providing a good print quality and preventing clogging. It. however, is preferably about 0.1 to 40% by weight, 
more preferably about 5 to 25% by weight. 

According to a preferred embodment of the present invention,, the polyvalent metal salt contained in the reaction 
solution may comprise a divalent or higher polyvalent metal ion and a nitrate ion or a carboxylate ion bonded to the poly- 
valent metal ion. and is soluble in water. ' ; ' / - ^ - ^ ^ - - 

Mprei preferably, the carboxylate ion is derived from a saturated aliphatic monocarboxylic acid having 1 to 6 carbon 
atoms and a carbocylic monocarboxylic acid having 7 to 11 carbon atoms. Preferred examples of the saturated aliphatic 
monocarboxylic acid having 1 to 6 carbon atoms include formic acid, acetic acid, propionic acid; butyric acid* isobutyric 
acid, valeric acid, isovaleric acid, pivalic add. and hexanoic acid. Among them, formic add arid acetic acid are particu- 
larly preferred, v .., . ^ 

A hydrogen atom(s) on the saturated aliphatic hydrocarbon residue in the monocarboxylic acid may be substituted 
by a hydroxyl group. Preferred examples of such carboxylic acids include lactic acid. 

Preferred examples of the carbocyclic monocarboxylic acid having 6 to 10 carbon atoms include benzoic acid and 
naphthoic acid with benzoic acid being more preferred. 

Poiyaliylamines and polyallylamine derivatives are cationic polymers which are soluble in water and can be posi- 
tively charged in water. Such polymers include, for example, those represented by the following formulae (a), (b), and 
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wherein X* represents chloride, bromide, iodide, nitrate, phosphate, sulfate, acetate or other ion. 

In addition, a copolymer, of an allylamine with a diallylamine anda copolymer of diallylmethylammonium chloride 
with sulfur dioxide may also be used. • .., 

Ihe content of the polyallylarriine and the pqlyallylamine derivative^ preferably 0.5 to 10% by weight bas^ on th^ 

25 reaction solution.- - . ■.r-^-\u;*. c-;v^ r : ^:y,-. >-•..-• 

According to a preferred embodiment of the present invention,, the region solutipn cprr^ 
such as a high^boiling organic solvent. The high-boiling organic ^lyerrt functipns to prevept the reatrtion '.^j^fr from 
drying out, thereby preventing dogging of the head. Preferred;^ 
' some of which are described above in connection wrth ther^lyoU^ 
30 diethylene glycol, triethylene glycol, polyethylene glycol, polypropylene^^ 
hexanetriol, thioglycot hexylene glycol, glycerin, trimethylolel^an^ 

alcohols, such as ethylene glycol monoethyl ether, eth^en^ glyc^Vrr^nc^u^ ^ettver; dietr^le^ gly^l rWnomefriyl 
ether; diethylene glycol monoethyl ether, diethylene glycol ironobutyl ether, triethy lene glycpl iroriomethyl ether, and tri- 
ethylene glycol monoethyl ether, and triethylene glycol monobutyl ether; urea, 2-p^rolidone. Nrm 
35 1 ,3-dimethyl-2-imidazolidinone, and triethanolamine. 

Although the amount of the high-boiling organic solvent addedls not particularly limited, it is preferably about 0.5 
to 40% by weight, mare preferably about 2 to 20% by weight. 

According to a preferred embodiment of the present invention, the reaction solution may further comprises a low- 
boiling organic solvent. Examples of preferred low-boiling organic solvents usable herein include methanol, ethanol, n- 
40 propyl alcohol, iso-propyl alcohol, n-butanol, sec-butanol, tert-butanol, jso-butanol, and n-pertfanol. Monohydric aico- 
hols are particularly preferred. The low-boiling organic solvent has the effect of shortening the time taken for drying the 
ink composition. The amount of the low-boiling organic solvent added is preferably 0.5 to 10% by weight, more prefer- 
ably 1 .5 to 6% by weight. 

- According to a preferred embodiment the reaction solution may further comprise a penetrating agent. Penetrating 
45 agents usable herein include surfactants such as anionic, cationic, and amphoteric surfactants; alcohols such as meth- 
anol, ethanol, and igo-propyl alcohol; and lower alkyl ethers of poiyhydric alcohols, such as ethylene glycol monomethyl 
ether, diethylene glycol monoethyl ether, diethylene glycol monobutyl ether, triethylene glycol monobutyl ether, propyl- 
ene glycol monobutyl ether, and dipropylene glycol monobutyl ether. 



so Ink iet recording apparatus 



An ink jet recording apparatus for carrying out the ink jet recording method according to the present invention will 
be described with reference to the accompanying drawings. 

Fig. 1 is a diagram showing an embodiment of an ink jet recording apparatus, in this embodiment, an ink composi- 
55 tion and a reaction solution are accommodated in a tank and fed into a recording head through an ink tube. Thus, a 
recording head 1 is communicated with an ink tank 2 through an ink tube 3. The interior of the ink tank 2 is partitioned, 
and a chamber for an ink composition, optionally a plurality of chambers respectively for a plurality of color ink compo- 
sitions, and a chamber for a reaction solution are provided. 
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The recording head 1 is moved along a carriage 4 by means of a timing belt 6 driven by a motor 5. Paper 7 as a 
recording medium is placed by a platen 8 and a guide 9 at a position facing the recording head 1. In this embodiment, 
a cap 10 is provided. A suction pump 1 1 is connected to the cap 10 in order to conduct the so-called "cleaning opera- 
tion.' 1 The ink composition sucked by the suction pump 1 1 is resorvoired in a waste ink tank 1 3 through a tube 1 2. 

Fig. 2 is an enlarged view showing the surface of nozzles for the recording head 1 . In the drawing, the nozzle plate 
for a reaction solution is indicated by 1b. and nozzles 21 for ejecting the reaction solution is provided in the longitudinal 
direction. On the other hand, the nozzle plate for the ink composition is indicated by 1c, and a yellow ink composition, 
a magenta ink composition, a cyan ink composition, and a black ink composition are ejected respectively through noz- 
zles 22. 23, 24 and 25. 

Further, an ink jet recording method using the recording head shown in Fig. 2 will be described with reference to 
Fig. 3. The recording head 1 is moved in the direction indicated by an arrow A. during which time the reaction solution 
is ejected through the nozzle surface 1 b to form a reaction solution-deposited region 31 in a band form on the recording 
medium 7. Subsequently, the recording medium 7 is transferred by a predetermined extent in the paper feed direction 
indicated by an arrow B. during which time the recording head 1 is moved in the direction opposite to that indicated by 
the arrow A in the drawing and returned to the left end of the recording medium 7, and the recording head 1 conducts 
printing using the ink composition on the reaction solution-deposited region, thereby forming a print region 32. 

Further, as shown In Fig. 4, in the recording head 1 , it is also possible to arrange all nozzles in the lateral direction 
to construct a nozzle assembly. In the drawing, ej ection nozzles for a reaction solution are denoted by 41 a and 41 b, and 
a yellow ink composition, a magenta ink composition, a cyan ink composition, and a black ink composition are ejected 
respectively through nozzles 42, 43, 44 and 45. In the recording head according to this embodiment the recording head 
1 , when reciprocated on the carriage, earn conduct printing in both directions; Therefore, in this case, printing at a higher 
speed is expected as compared with the case where the recording head shown in Fig. 2 is used. 

Regulating the composition of the reaction solution and the ink composition enables a high-quality print to be stable 
provided independently of the order of depositing the reaction solution and the ink composition; In this case, use of only 
one ejection nozzle for the reaction solution suffices for desired results (for example, the nozzle indicated by numeral 
41b in Re drawing may be'on^tted); leading to a further reduction in size and an increase in printing speed: ,: 

In the ink jet recdrding app^atus.^e supplement of the ink composition may be carried out by replacing a cartridge 
as an ink tank. The ink tehk may be integral with the recording head. " ; ; v u^-- ■ >r ;.^on y 

A preferred erT±Kxjiment of an ink jet recording apparatus using such an ink tank is shown in Fig. 5. In the drawing;, 
the game members as used in the apparatus shown in Fig. 1 have the same reference numerals. In the embodiment * 
shown in Fig. 5, recc^ding^ heads la and 1b arei integral respectively with ink tanks 2a and 2b. An ink composition and 
a reaction solution are ejected respectively through the recording heads 1a and 1b. Basically, printing may be con- 
ducted in the same manner as described above in connection with the apparatus shown in Fig. 1. Further, in this 
embodiment, the recording head 1a is moved together with the ink tank 2a on a carnage 4, while the recording head 1 b 
is moved together with the ink tank 2b on the carriage 4. 

EXAMPLES 

The following examples further illustrate the present invention but are not intended to limit it 
In the following examples, all are by weight unless otherwise specified. 

Preparation of ink compositions 

Black inks 1 to 4 having the following respective compositions were prepared as follows. At the outset, a pigment 
and a dispersant (styrene/acrylic acid copolymer) were mixed together, and the mixture, together with glass heads 
(diameter: 1.7 mm. amount: 1 .5 times (by weight) larger than the mixture), was dispersed for 2 hr in a sand mill (man- 
ufactured by Yasukawa Seisakusho). Thereafter, the glass beads were removed, the other additives were added, and 
the mixture was stirred at room temperature for 20 min. The mixture was filtered through a 5 nm membrane filter to pre- 
pare an ink for ink jet recording. 

Black ink 1 



Carbon black MA7 (manufactured by Mitsubishi Chemical Corp.) 5% 
Styrene/acrylic acid copolymer (acid value 100) 1% 
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(continued) 





Sucrose 


0.7% 




Maltitol 


6.3% 


5 


Glycerin 


10% 




2-Pyrrolidone 


2% 




Ethanol .• ; 


4% 


10 


Pure water 


Balance 



Black ink 2 



75 





PfirKrin KitoMc Rat/on 1 


5% 




^tvronp/arrvlif* acid cooolvmer facid value 210) 


1% 




OUU Uoc 


0.7% 


20 


Maitrioi 


6.3% 




Glycerin 


10% 




2-Pyrrolidone 


2% 


25 


Ethanol : 


4% 




Pure vvater . ^ ~ 


- Balance 


Black ink 3 






30 








Carbon black Raven 1080 


5% 


35 


Styrene/acryiic acid copolymer (acid value 130) 


1% 




Sucrose 


0.7% 




Maltitol 


6.3% 




Glycerin 


10% 


40 w; _ ,. ; - ? . .. . 


2-Pyrrolidone ; 


2%, 




Ethanol 


4% 




Pure water 


Balance 



45 

Black ink 4 



Carbon black Raven 1080 


5% 


Styrene/acryiic acid copolymer (acid value 80) 


1% 


Sucrose 


0.7% 


Maltitol 


6.3% 


Glycerin 


10% 


2-Pyrrolidone 


2% 
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(continued) 



Ethanol 
Pure water 



4% 

Balance 



Color ink set 

A cyan ink composition, a magenta ink composition, and a yellow ink composition were prepared in the same man- 
ner as described above in connection with the preparation of the black ink. except that any one of the following pigment 
10 was used as the colorant. 

Pigment - "■ 



15 



20 



Cyan ink Pigment KETBLUEEX-1 (manufactured by Dainippon Ink and Chemicals, Inc.) 
Magenta ink Pigment KETRED 309 
Yellow ink Pigment KETYELLOW 403 



Liquid medium 



2% 
2% 
2% 



25 



30 



35 



Styrene/acrylic acid cope 


>]ymer (acid value 1 60) 


0.7% 


Sucrose 




0.7% 


Mattito! 




6.3% 


Glycerin 




10% 


2 : Pyrrolidone 




2% 


Ethanol 




: ' ; 4%'' : '" 


Pure water 




Balance 



Preparation of reaction solution 

40 The following ingredients were stirred and mixed together for 20 min. and the mixture was filtered through a 5-^im 
membrane filter to prepare a reaction solution. 

The following reaction solution 3 was prepared by dissolving a dye in a liquid medium so that it could serve both as 
a reaction solution and an ink composition. 



50 



Magnesium nitrate hexahydrate 


25% 


Glycerin 


20% 


Triethylene glycol monobutyl ether 


10% 


Pure water 


Balance 
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Reaction solution 2 



Calcium chloride 


10% 


Diethylene glycol 


10% 


Pure water 


Balance 



10 

Reaction solution 3 
Dye 



15 





Cyan ink C.I. Acid Blue 9 


3% 




Magenta ink CI. Acid Red 289 


3% 


20 


Yellow ink C.I Acid Yellow 23 


3% 



Liquid medium 

25 



calcium chloride 


10% 


Glycerin 


10% 


Pure water 


Balance 



Evaluation test 

35 The above ink compositions and reaction solutions were used in the following combinations to carry out printing of 
images. The printing was carried out using an ink jet printer MJ-930C (manufactured by Seiko Epson Corp.) at a density 
of 300 dpi x 360 dpi with the amount of the ink ejected per dot being 0.040 *ig. 

Example 1: black ink l and reaction solution 1 
40 Example 2: black ink 2 and reaction solution 2 

Example 3: black ink 3 and reaction solution 1 ^ . u . 

Example 4: black ink 1 and color ink set and reaction solution 2 

Example 5: black ink 2 and reaction solution 3 

Conrparative Example 1 : black ink 4 a 
45 Comparative Example 2: Wack ink 2 and color ink (reaction solution not used) 

Evaluation 1 : Print density (OD value 1 * 

Attack ink was printed on the following evaluation papers, and the reflection OD value of the print was measured 
so with Machbeth PCMII (manufactured by Machbeth). The results were expressed in terms of OD value for each paper 
and shown in the following table. 

1. Xerox P Paper (Xerox Corp.) 

2. Ricopy 6200 Paper (Ricoh Co. Ltd.) 
55 . 3. Xerox 4024 Paper (Xerox Corp.) 

4. Neenah Bond Paper (Kimberly-Clark) 

5. Xerox R Paper (Xerox Corp., recycled paper) 

6. Yamayuri paper (Honshu Paper Co., Ltd., recycled paper) 
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A: Average of OD values for six papers being not less than 1.3 
B: Average of OD values for six papers being 1.2 to less than 1 .3 
NG: Average of OD values for six papers being less than 1.2 

s Evaluation 2: Color bleeding 

A reaction solution was printed over the whole surface of the test papers (100% duty), and color inks (cyan, 
magenta, and yellow) (100% duty) and the black ink (a letter) were simultaneously printed to examine the prints for the 
presence of uneven color-to-color mixing in the letter boundaries. In Example 5, since the reaction solution was a color 
w ink, the reaction solution (100% duty) and the black ink (a letter) were simultaneously printed. 
The results were as summarized in the following table. 

A: For all test papers, no color-to-color mixing observed with clear letter boundaries 
B: For some papers, feather-like color-to-color mixing observed along paper fibers 
is NC: For all the test papers, significant color-to-color mixing observed rendering the outline of the letter blurry 



Table 1 





Evaluation 1 


Evaluation 2 


Example 1 


t A 




Example 2 


A 




Example 3 


A 




Example 4 


A 
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Examples 
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Comparative Example 1 


[ B 
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Comparative Example 2 


NG 
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Claims 

1. An ink jet recording method comprising the step of depositing a reaction solution and an ink composition on a 
35 recording medium, '"' " .'*• ^ ' 

the reaction solution comprising a polyvalent metal salt, a polyallylamine, or a polyallylamine derivative, 
the ink composition comprising at least a pigment, a water-soluble resin dispersant having an acid value of not 
less than 100. and an aqueous solvent. 
40 . y} ' : •'■ ; ■-■ . .' • ••* 

2. The ink jet recording method according to claim 1 , wherein the water-soluble resin dispersant has an acid value of 
100 to 300. • " • ; ; ' ; • ' • • : 

3. The ink jet recording method according to claim 1 or 2. wherein the water-soluble resin dispersant having an acid 
45 value of not less than 100 is a polymer comprising at least one monomer selected from the group consisting of sty- 

rene, acrylic acid, acryionitrile, potassium acrylate, vinyl acetate, acrylic ester, methacrylic acid, a-methylstyrene, 
maleic anhydride, fatty acid vinylethylene. and maleic ester. 

4. The ink jet recording method according to any one of claims 1 to 3. wherein this ink composition further comprises 
so a resin emulsion. 

5. The ink jet recording method according to any one of claims 1 to 4, wherein the ink composition further comprises 
an inorganic oxide colloid. 

55 6. The ink jet recording method according to any one of claims 1 to 5. wherein the reactant is a polyvalent metal salt, 
a polyallylamine, or a derivative thereof. 

7. The ink jet recording method according to claim 6, wherein the polyvalent metal salt is a salt of nitric acid or a salt 
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'of a carboxylic acid. 1 

The ink jet recording method according to claim 6, wherein the reaction solution is first deposited onto the recording 
medium and then the ink composition is deposited onto the recording medium. 

The ink jet recording method according to claim 8, wherein the ink composition is first deposited onto the recording 
medium and then the reaction solution is deposited onto the recording medium. 

0. A recorded medium obtained by the method according to any one of claims 1 to 9. 
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